We analyzed a Kepler light curve of KIC 8751494, a recently recognized novalike cataclysmic variable in the Kepler field. We detected a stable periodicity of 0.114379(1) d, which we identified as being the binary's orbital period. The stronger photometric period around 0.12245 d, which had been detected from the ground-based observation, was found to be variable, and we identified this period as being the positive superhump period. This superhump period showed short-term (10-20 d) and strong variations in period most unexpectedly when the object entered a slightly faint state. The fractional superhump excess varied as large as ∼30%. The variation of the period very well traced the variation of the brightness of the system. The time-scales of this variation of the superhump period was too slow to be interpreted as the variation caused by the change in the disk radius due to the thermal disk instability. We interpreted that the period variation was caused by the varying pressure effect on the period of positive superhumps. This finding suggests that the pressure effect, in at least novalike systems, plays a very important (up to ∼30% in the precession rate) role in producing the period of the positive superhumps. We also described a possible detection of the negative superhumps with a varying period of 0.1071-0.1081 d in the Q14 run of the Kepler data, and found that the variation of the frequency of the negative superhumps followed that of positive superhumps. The relation between the fractional superhump excesses of negative and positive superhumps can be understood if the angular frequency of the positive superhumps is decreased by a pressure effect. We also found that the phase of the velocity variation of the emission lines reported in the earlier study is compatible with the SW Sex-type classification. Further, we introduced a new two-dimentional period analysis using least absolute shrinkage and selection operator (Lasso) and showed superior advantage of this method.
Introduction
Cataclysmic variables (CVs) are close binary systems consisting of a white dwarf and a mass-transferring red dwarf star. The accreted matter forms an accretion disk around the white dwarf unless the magnetic field of the white dwarf is sufficiently strong. CVs with accretion disks are classified into dwarf novae (DNe), which show outbursts with amplitudes of 2-8 mag, and novalikes, which do not show strong outbursts. The distinction between these systems are believed to be a result of the thermal instability in the accretion disk, and novalike variables are regarded as systems having higher mass-transfer rates than in DNe, resulting in thermally stable accretion disks (see e.g. Osaki 1996) .
Superhumps are variations whose periods are longer (these superhumps are therefore also called positive superhumps) than the orbital period by a few percent, and are observed during superoutbursts of SU UMa-type dwarf novae (a class of dwarf novae) and in some novalike variables (Patterson, Richman 1991; Patterson 1999) . These superhumps are believed to arise from the precessing non-axisymmetric disk whose eccentricity is produced by the tidal instability arising from the 3:1 resonance (Whitehurst 1988; Hirose, Osaki 1990 ). The fractional superhump excess (ǫ ≡ P SH /P orb − 1 in period and ǫ * ≡ 1−P orb /P SH in frequency, where P SH and P orb are the superhump period and the orbital period, respectively) is an observational measure of the precession rate of the accretion disk. If we treat the precessing disk dynamically, and ignore hydrodynamical effects, ǫ * is shown to has a form (Osaki 1985) : [Vol. , where q = M 2 /M 1 is the mass ratio of the binary, ω prec ω orb are the precessional and orbital angular velocity, and R d and A are the disk radius and the binary separation, respectively. This value was reported to larger than the observed values (e.g. Molnar, Kobulnicky 1992) and it has been shown that the pressure also affect ω prec [see Lubow (1992) ; Hirose, Osaki (1993) . Murray (1998) ; Montgomery (2001) ; Pearson (2006) also discuss implications]. The pressure effect, however, has been usually regarded as of secondary importance for analysis superhump data in dwarf novae because the order of a magnitude estimate suggested that the gravitational effect of the secondary is much larger than the pressure effect (see Osaki 1985) . We here report the discovery of rapid period variation of the period of positive superhumps in a novalike variable in the Kepler (Borucki et al. 2010; Koch et al. 2010) (Williams et al. 2010) . Using ground-based photometry and spectroscopy, Williams et al. (2010) identified an orbital period of 0.12233(7) d. Based on the narrow hydrogen emission lines and the presence of strong HeII and CIII/NIII emission lines, Williams et al. (2010) suggested that this object may be a member of SW Sex stars [for a recent summary of SW Sex stars, see e.g. Rodríguez-Gil et al. (2007a) , Rodríguez-Gil et al. (2007b) ].
Since the Kepler data greatly improved our understanding in KIC J1924, we first give the characterization of this system in section 2 and then describe our interpretation of the period variation of the positive superhumps in section 3.
Characterization of KIC J1924

Long-Term Variation
We used Kepler public SC data (parts of Q2 and Q3 quarters and the full Q5 quarter) and LC data (Q2, Q3, Q5-Q10 and Q14) for analysis. The long-term light curve (figure 1) indicates that the object entered a slightly low state 0.5 mag (2011 April-May) below the brightest observations in Kepler. The object showed a gradual decline to this minimum since the later half of 2010 and was slowly rising from this minimum until the end of the observation (2011 September). The fading was very shallow compared to those of VY Scl-type objects (cf. Greiner 1998; Leach et al. 1999) . The SC data were obtained around the brightest epochs in the available Kepler data.
This object has a close apparent companion (gmagnitude 16.71 and separation 6.
′′ 8 according to the Kepler Input Catalog). Because the Kepler has a pixel size of 4 ′′ and is defocused to obtain better a signal-tonoise ratio for brighter objects, this close companion contaminates the observed synthetic aperture counts. We estimated this effect by measuring the variation of the centroid coordinates of KIC J1924 toward the direction of the companion. The measured variation was 0. ′′ 4. This value and the direction of the centroid's movement can be well explained assuming that the companion contributes 1100 electrons s −1 to the centroid's variation. This estimate of the contribution of the companion indicates that the real range of variation of KIC J1924 was 0.65 mag assuming that the companion has a constant magnitude.
Orbital Period and Superhump Period
After removing long-term trends, a phase dispersion minimization (PDM; Stellingwerf 1978) analysis yielded the strongest signal at a period (hereafter P 1 ) of 0.1224555(1) d (SC data, figure 2) and 0.1224533(1) d (LC data, figure 3). Although this signal is similar to the one recorded by Williams et al. (2010) , we did not regard this signal as the orbital period, because there are a variation in period between quarters (table 1) and a large systematic O − C variation against a constant period (figure 4) . We regard the strongest signal as the superhump period (P SH ), whose possibility was already mentioned in Williams et al. (2010) .
There is the second strongest signal the period of which is ∼7% shorter than P 1 . We call this period P 2 . This period was detected in individual SC runs. Although the period was present in the individual LC runs, the period was difficult to measure because of interference affected by nearly constant sampling intervals in Kepler. When 55000 55200 55400 55600 55800 56000 56200 (Cannizzo et al. 2010 ). There are no globally stable zero-points in the Kepler data, and the light curves show discontinuous jumps or drops between different quarters. In the middle of the points the long-term trend is overplotted. Two representative enlarged SC light curves are shown in the insets. The modulations seen in these SC light curves are mainly superhumps. ‡ Although the signal was present, the period was not well determined due to the interference by the Kepler sampling frequency. § The period or amplitude could not be measured due to the strong variation of the period during this quarter. two adjacent LC runs were combined, we could also measure P 2 in LC runs (table 1; the periods were determined with the PDM method and the errors are 1 σ error by Fernie 1989 , Kato et al. 2010 . Since P 1 could be measured in most individual LC runs, we did not measure P 1 for the combined adjacent LC runs. For comparison, we also listed P 1 and P 2 measured using all of the data. These measurements indicate that P 2 was constant between different quarters and we regard this period as the orbital period. The period is in good agreement with the ones, derived from two combined LC and SC data (LC data have an advantage of larger cycle numbers, while SC data have higher time resolution, and they are complementary), we adopted a period of 0.114379(1) d by combining these measurements. The mean orbital profile based on the SC data is shown in figure 5 . The profile is more symmetric than that of the superhumps. The epoch of the maximum brightness corresponds to BJD 2455228.2463 (the epoch was chosen as the nearest one to the average of the SC observation).
The mean amplitudes of P 1 and P 2 during Q2-Q7 (bright state) were 0.10 mag (430 electrons s −1 ) and 0.014 mag (57 electrons s −1 ). The mean amplitudes of these signals in individual quarters are given in table 1. The resultant periods yielded a fractional superhump excess ǫ of 7.06% (mean value). 
Two-Dimentional Period Analysis using Least Absolute Shrinkage and Selection Operator (Lasso)
We here introduce a new method to calculate twodimensional power spectra using least absolute shrinkage and selection operator (Lasso, Tibshirani 1996) , which was introduced to analysis of astronomical time-series data (Kato, Uemura 2012) . In Fourier-type period analysis, there is the well-known Heisenberg-Gabor limit, that is, one cannot simultaneously localize a signal in both the time domain and the frequency domain; this characteristic of Fourier-type period analysis is disadvantageous to the analysis of such rapidly changing periods, as superhumps in outbursting dwarf novae have. The advantage of the Lasso analysis is that this method is not restricted by the Heisenberg-Gabor limit and the peaks in the power spectra are very sharp.
1 There is, however, a set-back of this method that the resultant power is not linear in power amplitude. It is very advantageous to use the Lasso period 1 A simple explanation why the Lasso-type analysis can overcome the Heisenberg-Gabor limit in a different field of science can be found in Herman, Strohmer (2009) . analysis in resolving closely spaced signals when we know that only a small number of signals coexist. Lasso gives very sharp signals in the two-dimensional power spectra, and thus it is suitable for studying the signals with rapidly varying frequency, such as superhumps in outbursting SU UMa-type dwarf novae (e.g. Osaki, Kato 2013b). The power spectra were estimated obtained by applying the method of Kato, Uemura (2012) to 10 d bins, which were shifted in a step of 1 d after removing the longterm trend using locally-weighted polynomial regression (LOWESS, Cleveland 1979) . The 200 frequencies were evenly spaced between frequencies 7.69 and 9.52 c/d to extract the spectra.
There is a free parameter λ in giving an ℓ 1 term (cf. Kato, Uemura 2012). In producing figures 6, 7, we selected λ which gives the signals best contrasted against a background, i.e. the most physically meaningful parameter. This paramter λ is close to the most regularized model with a cross-validation error within one or two standard deviations of the minimum (cf. R Sct for Kato, Uemura 2012). We also applied smearing of the signals between ±3 bins shifted in a step of 1 d while considering the width of the window.
The resultant spectrum is shown in figures 6 and 7. The latter figure also shows a comparison between Lasso and Fourier analyses. A similar analysis to the SC data yielded a similar result with a better time-resolution. Since there was no additional remarkable feature in the analysis of the SC data, we omitted this figure. The superhump period was discovered to be a signal with a variable frequency, while the orbital period was discovered to be a constant frequency.
KIC J1924 as an SW Sex Star
Although it is not clear which orbital phase corresponds to the optical maximum of the orbital variation, it can be the phase of the the superior conjunction of the secondary if the maximum represents the reflection effect. We therefore define here the orbital phase of the optical maximuma as 0.5 to make a comparison with eclipsing SW Sex stars. The spectroscopic zero phase (red-to-blue crossing of the velocities of the emission lines) T 0,spec = 24454734.66646(383) (Williams et al. 2010) corresponds to an orbital phase of 0.20 (the accumulative error of the phase resulting from the error in the period is smaller than 0.04 even assuming an extreme error of 10 −5 d). If the emission line traces the motion of the white dwarf, this phase should be close to zero, and this phase delay of the Balmer lines appears to qualify one of the SW Sex-type properties.
The optical spectrum of KIC J1924 is characterized by broad absorption lines apparently arising from the optically thick accretion disk (figure 4 in Williams et al. 2010) . Although this kind of "UX UMa-type" spectrum [cf. Warner (1995) for the type definition; Dhillon et al. (2013) suggests that whether the lines are seen in emission or in absorption may be an inclination effect and [Vol. , proposed to combine UX UMa-type and RW Tri-type with pure emission lines into the UX UMa-type novalike star] is relatively rarely seen in SW Sex stars (see figure 2 in Rodríguez-Gil et al. 2007a) , there are some known SW Sex-type object showing the broad Balmer absorption component: HL Aqr (Hunger et al. 1985) , LN UMa (Hillwig et al. 1998; Rodríguez-Gil et al. 2007b . A flux calibrated low-resolution spectrum of KIC J1924 is also shown in Østensen et al. (2010) , which can be more directly comparable to other SW Sex-type stars.
Improved time-resolved optical spectroscopy, which will provide an independent measure of the orbital period would test the results of the paper, and provide a more solid classification of this system.
KIC J1924 as a Permanent Superhumper
KIC J1924 persistently showed positive superhumps, during at least Kepler observations up to 2011 September. The object is thus classified as a permanent superhumper. Since the same superhumps were observed in Williams et al. (2010) , the positive superhumps seem to have been very stably seen in this object. The object appears to be very similar to V795 Her, another novalike system in the period gap having a similar orbital period (Patterson, Skillman 1994; Papadaki et al. 2006; Šimon et al. 2012 ). The superhumps of KIC J1924, however, may be more stable than those in V795 Her (Patterson, Skillman 1994; Papadaki et al. 2006) .
In table 2, we list permanent superhumpers having orbital periods similar to that of KIC J1942. The recorded ǫ=7.1% is the characteristic value of this P orb . Among these objects, only V442 Oph is known to show ∼3 mag fading 2 comparble to typical VY Scl-type variables [see light curves in e.g. Greiner (1998), Leach et al. (1999) ].
Variation of the Superhump Period
Rapid Period Variation -Radius Variation?
As shown in figure 6 , the frequency of the superhump was almost constant before BJD 2455200. After a gap in the Kepler observation, the frequency started to decrease very gradually. The frequency, however, suddenly showed a drop at around BJD 2455620, when the brightness of the system dropped significantly. The frequency of the superhump signal even reached 7.9 c/d (=0.127 d in period), which marked a large ǫ of 11% (ǫ * amounted to 10%). The obtained frequencies are perfectly in agreement with those obtained using the PDM, as performed in Osaki, Kato (2013a) .
Assuming that ǫ * for positive superhumps depends on R 3/2 d (Osaki 1985) , this translates to a ∼35% increase in disk radius. Adopting a mean ǫ of 7.1%, we can obtain q = 0.30 using the ǫ − q relation in Kato et al. (2009) [the relation in Patterson et al. (2005) yields q = 0.27]. At this q, the tidal truncation radius is close to that of the 3:1 resonance and the disk is not expected to expand beyond 2 See <http://www.astrosurf.com/blazar/variable/UG04/ V442%20Oph.html>. the tidal truncation radius for a long time. The radius of the Roche lobe is ∼ 0.50A. Considering that the radius of the 3:1 resonance is ∼ 0.46A, it is difficult to ascribe period increase solely to the disk expansion.
Pressure Effect
We then consider if the dwarf nova-type disk instability can account for the observed variation of the disk radius. The rise time of dwarf nova-type outburst can be expressed as
where τ r and α H are the rise time and the viscosity parameter in the hot state, respectively (equation 3.21 in Warner 1995) . By using typical values of M 1 =0.8M ⊙ , α H =0.1 and assuming q=0.3, we obtain τ r ∼0.3 d. The decay time is also expressed as
where τ d is the decay time (equation 3.24 in Warner 1995) . The value of τ d for the same set of parameters is ∼0.9 d. The both time scales are much shorter than what were seen in subsection 3.1. It is thus unlikely that the period variation is caused by the dwarf nova-type instability. In the analysis, up to now we have only used the dynamical term (by the tidal force of the secondary) of producing the precession rate, as approximated in Osaki (1985) . It has been shown that the precession frequency is a sum of the dynamical term, the pressure effect (or an effect of a finite thickness of the disk) producing the retrograde precession and a minor wave-wave interaction term (Lubow 1992) . Since the variation of the observed superhump period very exactly traced the variation of the system brightness, we suggest that the pressure effect is responsible for the variation of the period. This pressure effect is an increasing function of the sound velocity at the edge of the disk (c 0 ; Hirose, Osaki 1993), which has a dependence of c 0 ∝ √ T C , where T C is the temperature of the midplane of the disk. If the disk in a novalike variable can be assumed to be a thermally stable standard disk, the temperature of the midplane has a dependence of T C ∝Ṁ 3/10 , whereṀ is the mass-transfer rate (equation 5.49 in Frank et al. 2002) . The observed luminosity variation of 0.65 mag translates to an ∼9% variation of T C . By using table 1 in Hirose, Osaki (1993) (although this is for a q = 0.15 case, we believe that the dependence of q on this estimation is small), a comparison between c 0 = 0.1 (realistic novalike disk in a hot state) and c 0 = 0.085 yielded an expected ǫ * variation of ∼3%. Although this value is smaller than the observed one, this discrepancy might be resolved if the actual disk in a novalike variable in a slightly low state may have a deviation from the steady standard accretion disk. The importance of the pressure effect may be partly attributed to the inferred high mass-transfer rates in SW Sex stars (Rodríguez-Gil et al. 2007a; Townsley, Gänsicke 2009) . Since most of the permanent superhumpers are SW Sex stars, this might result a systematic bias if we calibrate the ǫ − q relation using both dwarf novae and permanent superhumpers.
Following this logic that the period variation of the superhumps can be attributed to the pressure effect, we assumed that the largest ǫ * was recorded when the disk had the oscillation wave limited to the edge of the accretion disk (corresponding to c 0 ∼ 0). The precession rate can be expressed as the following equation (Hirose, Osaki 1990) :
where B 0 is
which is the Laplace coefficient of the order 0 in celestial mechanics (Smart 1953) . Numerically calculating this function assuming a radius of the 3:1 resonance of r 3:1 = 3 (−2/3) (1 + q) −1/3 , we could estimate q = 0.37 from the largest measured ǫ * =10%. This q is moderately in agreement with the value obtained from the conventional ǫ − q relation, and we do not consider that our interpretation leads to an obvious contradiction. If the validity of this method is established, observing period variation of positive superhumps in permanent superhumpers will be a tool in estimating mass ratios by using superhumps.
A similar pattern, but with weaker period variations, was also recorded during the Q14 (figure 8).
Negative Superhumps
During the Q14 run, weak signals of negative superhumps appeared to be present around frequencies of 9.2-9.3 c/d (figure 8). We identified these signals as real ones, because close, non-overlapping bins show similar enhancement of signals. Since these non-overlapping bins share no observations in common, we regarded them as a signature for the independent detection. The signal, however, was weak and it was extremely difficult to obtain a convincing, phase-averaged light curve of this signal due to the variation of the frequency (just like the difficulty in obtaining a period for positive superhumps with period variation), as discussed below, and due to the coarse LC sampling. We describe the properties and implications of the signals assuming that the signals are real. This assumption may be tested by future Kepler observations, especially if SC runs are available. These negative superhumps were not detected in other quarters. The frequency of negative superhump varied as in the same manner as that of positive superhuumps; the frequency became smaller when the system slightly faded at around BJD 2455160-2455170 (frequency 9.25 c/d, period 0.1081 d, ǫ * = −5.8%) compared to the brighter state around BJD 2456125-2456140 (frequency 9.34 c/d, period 0.1071 d, ǫ * = −6.8%). The variation followed a very similar pattern to that of positive superhumps. Since the pressure effect is not expected to work for producing negative superhumps (Osaki, Kato 2013a ; see also more detailed discussion in Osaki, Kato 2013b), we can attribute this frequency variation to the change in the radius of the disk. Since ǫ * has a dependence of R 3/2 d (Larwood 1998) , this variation of ǫ * corresponds to a variation of 11% in the radius of the accretion disk. The observation of a lower ǫ * in a fainter state is consistent with the picture that a disk is expected to be smaller when the mass-transfer rate decreases.
There is a known relationship between ǫ * + (positive superhumps) and ǫ * − (negative superhumps); that is ǫ * + ≃ 7/4|ǫ * − | [from Larwood (1998) ; see Osaki, Kato 2013b for detailed discussion; this factor has been observationally known to be close to 2, cf. Patterson et al. (1997) ; Wood et al. (2009) ] and clearly the variation in this object does not follow this relation. This result can also be understood if the ǫ * + is suppressed by the pressure effect when the system is bright.
Variation in Mass-Transfer
It appears that the mass-transfer rate from the secondary in KIC J1924 varied significantly on a time-scale of 10-20 d. These values are much shorter than in typical VY Scl-type stars (the typical low states lasts for months to years). Garnavich, Szkody (1988) , however, showed much shorter historical fadings in V442 Oph. This and present finding suggest that mass-transfer rates in novalike systems significantly vary on a time-scale as short as 10-20 d. V795 Her, an object very similar to KIC J1942, did not experience deep low states such as are seen in typical VY Scl-type stars [Wenzel et al. (1988) ; this has also been confirmed by recent VSNET (Kato et al. 2004 ), AAVSO and CRTS (Drake et al. 2009 ) observations]. V795 Her also showed low-amplitude (up to 1 mag) long-term variations such as were seen inŠimon et al. (2012) . It would be interesting to see whether the superhump periods in V795 Her varies in the same way as in KIC J1924.
Conclusion
We studied a public Kepler light curve of the novalike variable KIC 8751494 (KIC J192410.81+445934.9). Although the photometric period (0.12245 d, Kepler data) identified by the ground-based observation has also been confirmed in the Kepler data, we identified it as the superhump period based on the long-term instability of the period. We alternatively identified a weaker, but a stable periodicity of 0.114379(1) d as being the orbital period. The inferred fractional superhump excess of 7.06% (mean value) is typical of the permanent superhump with an orbital period similar to that of this object. Based on the refined orbital ephemeris, we identified a phase shift in the emission lines in a radial velocity study reported earlier, which strengthens the identification of this object as one of SW Sex stars. The period of superhumps showed a very large (up to ∼30% in fractional superhump excess) variation when the object faded in 2011 April-May. The variation of the period almost exactly traced the variation of the system brightness. We examined the origin of the variation of the superhump period assuming the disk-radius variation and dwarf nova-type disk instability. Each possibility is difficult to explain the observed variation. We alternatively suggest that the pressure effect in producing the precession rate of the non-axisymmetric disk plays a more important role. This finding suggests that the pressure effect can have an effect up to ∼30% in the precession rate, in at least novalike systems. We also describe a possible detection of negative superhumps with a varying period of 0.1071-0.1081 d in the Q14 run, and found that the variation of the frequency of negative superhumps followed that of positive superhumps. The relation between the fractional superhump excesses between negative and positive superhumps can be understood if the angular frequency of positive superhumps is decreased by the pressure effect.
